Isolated chloroplasts form labeled sugar phosphates in the light in the presence of C14O, and suitable cofactors (1, 4, 5, 15, 30) . They contain, therefore, all the enzymes needed for the uptake and reduction of CO., and the transformation of the resultant compounds (22). It is not known, however, whether the photosynthetic formation of sugars (or sugar phosphates) in the leaf cell is confined to the chloroplast or proceeds in chloroplast and cytoplasm alike. In the latter case a specific function of the chloroplast vould consist in the light dependent formation of ATP and TPNH3. Enzymes of photosynthetic dark reactions would then be distributed throughout the plasm. In the former case at least some of these enzymes could be expected to be located exclusively in the chloroplasts. The It was important to apply further purification steps in addition to the normal procedure to obtain pure preparations (21). The chloroplast isolation was performed mostly at 00 and only in few cases at room temperature. In the former case, very little chlorophyll was extracted (or destroyed) by the organic solvent (0-5 %). In the latter case, more chlorophyll was lost (up to 25 %). The results of chlorophyll determinations of the fractions were corrected for the loss of chlorophyll due to extraction as follows: The total chlorophyll content of all the fractions was compared with that of the starting miiaterial. From this the percent loss of chlorophyll due to extraction into petroleum ether/carbon tetrachloride and due to destruction could be calculated. Values were then corrected assuming proportionate losses in all fractions.
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The followinig article deals with the localization of three enzymes of carbohydrate metabolism, namely carboxvdismutase4 and the TPN and DPN-dependent triosephosphate dehydrogenases. In the experiments a nonaqueous method of chloroplast isolation has been employed (6. 7, 18, 31) since chloroplasts isolated by one of the common aqueous methoods are exposed to leaching of enzymes (19) and other substances (32) . In contrast to these latter methods, a diffusion of hydrophilic compounds such as enzymes, sugars, amino acids etc. from their original location wvithin the cell (loes not take place in the frozen dried tissue preparations used in the nonaqueous procedure (Heber, unpublished results) . Thus this procedure is well suited for localization studies. It has been employed previously to determine the (listribution of enzymes (19. 31), sugars (18) , amino acids (20) , and inorganic ions (32) between chloroplasts and the remainder of the leaf cell.
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Material
MXIature leaves of Tetragonia expansa Murr, Nicotiana Tabacum L., Secale cereale L., Trifoliumi repenis L., Vicia faba L., ssp. minor, and Spinacia oleracea L. were obtained directly from the field. Spinach sometimes was purchased at a local market.
Methods
Chlloroplast Isolation. The procedure is described in detail elsewhere (18) It was important to apply further purification steps in addition to the normal procedure to obtain pure preparations (21) . The chloroplast isolation was performed mostly at 00 and only in few cases at room temperature. In the former case, very little chlorophyll was extracted (or destroyed) by the organic solvent (0-5 %). In the latter case, more chlorophyll was lost (up to 25 %). The results of chlorophyll determinations of the fractions were corrected for the loss of chlorophyll due to extraction as follows: The total chlorophyll content of all the fractions was compared with that of the starting miiaterial. From this the percent loss of chlorophyll due to extraction into petroleum ether/carbon tetrachloride and due to destruction could be calculated. Values were then corrected assuming proportionate losses in all fractions.
Fractions Used for Enzyme Determinations. Enzymes were determined in the chloroplast fraction, in unfractionated tissue and in chloroplast-depleted tissue, which is the material remaining after the removal of the chloroplast fraction. Since yields of chloroplasts were in the order of 15 to 50 % in our isolation procedure, chloroplast-depleted tissue contained between 50 Another explanation is possible, however. DIuring freeze-drying and subsequent treatment with organic solvent, carboxydismutase loses part of its activity. The chloroplasts were exposed to grind- IPA'-D c)peci/ecu 7'riosc/'l osphatc I)ieh' vdrogcenasc. (28) found that the activity of carboxydismutase parallels the chlorophyll content of preparations obtained in the fractionation of frozen dried leaves. Nothing is known so far on the quantitative localization of triosephosphate dlehydrogenases, although the TPN-linked enzyme was found only in green plant parts (14, 16) or autotrophic organisms (13) . Arnon (3) considered at first that the enzyme was located in the cytoplasm. but Rosenberg and Arnon (27) (17, 35) . Other workers, however, have found higher values for carboxydismutase (24) .
Activities of TPN-dependent triosephosphate dehydrogenase observed in chloroplasts of Trifoliuni, Secale, Vicia, and Spinacia leaves were in the range of 30 to 50 Biicher units/mg chloroplast protein.
This is equivalent to ca. 450 to 750 /Lmoles of PGA reduced/mg chlorophyll per hour without regard for enzyme destruction due to freeze-drying and organic solvent. Apparently TPN-linked triosephosphate dehydrogenase is available in large excess as compare(l wth the maximal efficiency of photosynthesis in the intact leaf.
Reaction rates of DPN-dependent triosephosphate dehydrogenase are considerably less than half that of the TPN enzyme in chloroplasts, but amount in the cytoplasm up to more than 30 smoles of PGA reduced/mg of protein per hour.
Summary
A method has been developed to determine quantitatively the distribution of enzymes between the chloroplasts and the remainder of the cell. It is shown that carboxydismutase and TPN-dependent triosephosphate dehydrogenase are located entirely or nearly entirely in the chloroplasts. DPN-dependent triosephosphate dehydrogenase occurs in chloroplasts as well as in the cytoplasm, but in the latter place at a higher concentration. Only about 30 % of the total amount of the DPN enzyme of the cell were found in the chloroplasts.
